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The antimicrobial and antiplasmid activities of essential oils (orange oil, eucalyptus oil, fennel oil, geranium oil, juniper oil,
peppermint oil, rosemary oil, purified turpentine oil, thyme oil, Australian tea tree oil) and of menthol, the main component of
peppermint oil, were investigated. The antimicrobial activities were determined on the Gram (+) Staphylococcus epidermidis and
the Gram (−) Escherichia coli F'lac K12 LE140, and on two yeast Saccharomyces cerevisiae 0425 δ/1 and 0425 52C strains. The
antiplasmid activities were investigated on E. coli F'lac bacterial strain. Each of the oils exhibited antimicrobial activity and three
of them antiplasmid action. The interaction of peppermint oil and menthol with the antibiotics was studied on the same bacterial
strain with the checkerboard method. Peppermint oil and menthol displayed additive synergy with oxytetracycline. A new
mechanism of plasmid curing was established for one of the oil components.
© 2006 Elsevier B.V. All rights reserved.
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1. Introduction
Essential oils and their components are widely used in medicine as constituents of different medical products, in the
food industry as flavouring additives and also in cosmetics as fragrances [1]. Many essential oils are known to exert
antimicrobial activity, but the mechanism of action is often not entirely understood [2–6]. Membrane disruption by the
lipophilic constituents may be involved in this mechanism. Mendoza et al. found that increase of the hydrophilicity of
kaurene diterpenoids by the addition of a methyl group reduced their antimicrobial effect [7].
A major problem in antimicrobial chemotherapy is the increasing occurrence of resistance to antibiotics, which
leads to the insufficiency of antimicrobial treatment. The overuse of antibiotics and consequent antibiotic selection
pressure is thought to be the most important factor contributing to the appearance of different kinds of resistant
microbes [8].
The genetical basis of resistance is often the R-plasmid, which can be transferred to other bacteria in the
environment of the recipient, and these extrachromosomal DNA sequences can be responsible for the emergence of
multiple resistance to antibiotics. Plasmid may be lost spontaneously in a very low frequency (10− 5 to 10− 7), but
certain effects can increase the probability of plasmid loss, which is the basis of artificial plasmid elimination. In early⁎ Corresponding author. Tel.: +36 62 545 115; fax: +36 62 545 113.
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eliminators [9,10]. Their toxicity did not allow their in vivo testing for their antiplasmid effect. Molnar et al.
investigated the effects of many tricyclic drugs on plasmid replication and found that two drugs applied in everyday
practice exerted antiplasmid activity [12]. Chlorpromazine and promethazine eliminated the tetracycline,
chloramphenicol, streptomycin and sulfonamide resistance of an E. coli strain. That finding resulted in systematically
synthetized phenothiazine and acridine derivatives being studied for their biological activity and a relevant proportion
of the tested molecules proved to have an antiplasmid effect [11–18]. The possible mechanism of action is complex
formation with the guanine-cytosine-rich regions of the plasmid DNA, which are necessary for normal plasmid
replication in an uncomplexed form [19]. Promethazine was also studied in vivo in children with frequently recurring
pyelonephritis, in combination with gentamycin, and the result was positive, the combination reduced the number of
recurrences in urinary tract infections as compared with the control group [15].
In the present study, besides the antimicrobial effect, 10 essential oils distilled from various plants belonging in
different families were investigated from a new aspect. Their antiplasmid activities on an E. coli F'lac strain were
determined. One of the oils, peppermint oil and menthol, one of its components, were examined in detail to evaluate
their interactions with antibiotics.
2. Experimental
2.1. Essential oils
The essential oils, orange oil (Citrus sinensis L., Myrtaceae), eucalyptus oil (Eucalyptus globulus L., Myrtaceae),
fennel oil (Foeniculum vulgare Mill., Lamiaceae), geranium oil (Geranium robertianum L., Geraniaceae), juniper oil
(Juniperus communis L., Cupressaceae), peppermint oil (Mentha piperita L., Lamiaceae), rosemary oil (Rosmarinus
officinalis L., Lamiaceae), purified turpentine oil (distilled from Pinus spp.) and thyme oil (Thymus vulgaris L.,
Lamiaceae), suit the requirements of the Hungarian Pharmacopoeia (Ph.Hg. VIII.); they are distributed by the Phoenix
Pharma Gyógyszerkereskedelmi Rt., Hungary. Australian tea tree oil (Melaleucae alternifoliae Cheel, Myrtaceae) was
purchased from Main Camp Marketing Pty Ltd., Ballina, NSW, Australia. In the experiments, the dimethylsulfoxide
(DMSO) solutions were used.
2.2. Chemicals and culture media
Menthol (Sigma Aldrich, St. Louis, MO, USA), promethazine (Pipolphen, EGIS Pharmaceuticals, Budapest),
penicillin (Biogal-Teva Pharma Rt., Budapest, Hungary), ampicillin (AMP), oxytetracycline (OXY), gentamycin
(GENT) (Chinoin/Sanofi-Synthelabo, Budapest, Hungary), erythromycin (ERY) (Gedeon Richter Ltd., Budapest,
Hungary), fluconazole (Diflucan, Pfizer, Amboise, France), eosin methylene blue (EMB) (BioMérieux),
dimethylsulfoxide (DMSO) (SERVA, Feinbiochemica, Heidelberg, Germany) and 3-(4,5-dimethylthiazyl)-2,5-
diphenyltetrazolium bromide (MTT, Sigma Aldrich, St. Louis, MO, USA) (dissolved in phosphate buffered saline
to a concentration 5 mg/ml).
Minimal-trypton-yeast extract (MTY) broth and agar, 2× MTY broth (for culturing bacterial strains), 2× yeast
extract-peptone-dextrose (YPD) broth and agar (for culturing yeast strains), and EMB agar plates (for the detection of
lactose negative-bacteria of the E. coli F'lac population).
2.3. Microorganism
Escherichia coli F'lac K12 LE140 (tsx, str, Δlac, su−, λr, mal−) and Staphylococcus epidermidis (clinical isolate)
bacterial strains, Saccharomyces cerevisiae 0425 52C (grand) and 0425 δ/1 (petit) fungal strains. The former yeast
strain (wild-type) contains mitochondria, while from the latter mitochondria were eliminated.
2.4. Agar diffusion method
In the first step, the bacteriostatic activities of the essential oils were studied with the agar diffusion method.
Precultures of the microbes were made in MTY broth for the bacterial strains and in 2× YPD broth for the yeast strains.
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physiological saline solution (0.9% w/w) and 100 μl of the dilution was then plated on nutrient agar plates. Wells 5 mm
in diameter were punched into the agar and filled with 20–30 μl of the oils, DMSO solvent blank and positive controls
(penicillin, gentamycin, fluconazole).
2.5. Minimal inhibitory concentration (MIC) determination
MIC values were measured in sterile 96-well microtiter plates. 100 μl aliquots of oil solution, solvent blank
and positive control samples were pipetted into the wells in the first column of the plate, 50 μl of physiological
saline solution into the wells in columns 2–12. The samples of the oils in the first column were diluted with an
8-channel-pipette with 50 μl from the 1st column to the 12th. The precultures of the microbes were diluted
104-fold in 2× MTY for the E. coli strain, 20-fold for the S. epidermidis strain and 40-fold in 2× YPD for the
yeast strains. From these suspensions, 50 μl was added to each well. After incubation (bacteria: overnight at 37
°C, yeasts: for 24 h at r.t.), 10 μl of MTT solution was pipetted into each well to stain the living cells. The
MIC was defined as the lowest concentration of the test sample that resulted in a complete inhibition of
growth.
2.6. Assay for F'lac plasmid elimination activity
An overnight preculture of E. coli F'lac K12 LE140 was diluted 104-fold in physiological saline solution and
inoculated in 0.05 μl aliquots (ca. 5×103 cells) into 5.0 ml of MTY nutrient broth. Various concentrations of the oil
solutions, menthol and promethazine control were added.
The tubes were incubated at 37 °C for 24 h without shaking. Two dilutions, with 104- and 105-fold concentrations,
were prepared from tubes showing growth and plated in 100 μl amounts on EMB agar. The plates were incubated
at 37 °C for 24 h, and were then counted for lac− plasmidless (pink) and lac+ plasmid-containing (deep-violet)
colonies. The percentage (%) of plasmid elimination was counted. Promethazine was used as a positive control.
2.7. Checkerboard method
The microdilution checkerboard method is the technique used most frequently to assess antimicrobial
combinations in vitro [20–22]. Dilutions of peppermint oil or menthol and the antibiotics were made for
evaluation of the interactions. The type of interaction was studied on the E. coli F'lac bacterial strain. Dilutions
from the logarithmic-growth phase of the bacterial culture were prepared and distributed into microtiter trays
containing varying concentrations of the different drugs and peppermint oil. The inoculated trays were
incubated at 37 °C for 24 h and then evaluated for bacterial growth. The results of the combined effects of the
antibiotics and menthol/peppermint oil were categorized as synergism, addition, indifference or antagonism. In
order to assess the activities of combinations, fractional inhibitory concentration (FIC) indices were calculated
as FICA+FICB, where FICA and FICB are the minimum concentrations that inhibited the bacterial growth for
samples A and B, respectively.
FICA ¼ MICA combinationMICA alone FICB ¼
MICB combination
MICB alone
The mean FIC index was calculated as: FICindex=FICA+FICB, and the results were interpreted as follows:
synergistic (<0.5), additive (0.5–1.0), indifferent (>1) or antagonistic (>4.0).3. Results
3.1. Antimicrobial activity
The agar diffusion method gave semiquantitative data about the antimicrobial activities of the essential oils. The
inhibitory zones showed that the most effective oil is thyme oil; the zones of inhibition were the largest both for the
Table 1
Bacteriostatic and fungistatic activities of essential oils
Samples Zones of inhibition (mm)
E. coli F'lac S. epidermidis S. cerevisiae 0425 52C S. cerevisiae 0425 φ/1
Orange oil 0 0 7 8
Eucalyptus oil 22 15 16 21
Fennel oil 14 15 11 11
Geranium oil 0 14 14 12
Juniper oil 0 0 17 15
Peppermint oil 23 15 12 15
Rosemary oil 15 0 10 10
Turpentine oil 17 15 15 22
Thyme oil 26 24 23 25
Tea tree oil 17 14 19 21
Penicillin 24 23 – –
Gentamycin 32 33 – –
Fluconazole – – 27 19
DMSO 0 0 0 0
Concentration of essential oils: 20% w/w, concentration of antibiotics: 1 mg/ml.
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method (Table 1).
The MIC values confirmed the results obtained with the agar diffusion method. Thyme oil had the lowest MICs for
the bacteria (1.5 mg/ml), while the most effective against the yeasts were turpentine oil (MIC 0.2–0.3 mg/ml) and
peppermint oil (MIC=0.4 mg/ml), followed by thyme oil (MIC 0.4–0.7 mg/ml). Rosemary oil displayed the weakest
effect against the bacteria (MIC 11.3 mg/ml) and also against the two yeast strains (MIC 2.8–5.7 mg/ml). Orange oil
had a slight antifungal activity (MIC 2.8 mg/ml) without any antibacterial effect. The MIC of geranium oil could not be
measured in the case of E. coli as well as that of juniper oil in the case of S. epidermidis (Table 2).
3.2. Antiplasmid effect
All of the oils were investigated for their antiplasmid effect on E. coli F'lac bacterial strain. Peppermint oil inhibited
replication of the F'lac metabolic plasmid of E. coli to an extent of 37.5%. Eucalyptus and rosemary oils caused slight
elimination (eucalyptus oil: 0.2–0.5%, rosemary oil: 3.1%).Table 2
Bacteriostatic and fungistatic activities of essential oils
Samples MIC values (mg/ml)
E. coli F'lac S. epidermidis S. cerevisiae 0425 52C S. cerevisiae 0425 φ/1
Orange oil 0.0 0.0 2.8 2.8
Eucalyptus oil 2.8 2.8 0.7 0.7
Fennel oil 3.0 3.0 0.8 0.8
Geranium oil 0.0 5.6 1.4 1.4
Juniper oil 5.4 0.0 2.7 2.7
Peppermint oil 5.7 5.7 0.4 0.4
Rosemary oil 11.3 11.3 2.8 5.7
Turpentine oil 2.7 2.7 0.2 0.3
Thyme oil 1.5 1.5 0.4 0.7
Tea tree oil 5.6 5.6 2.8 2.8
Penicillin 0.008 0.004 – –
Gentamycin 0.001 0.001 – –
Fluconazole – – 0.064 0.056
DMSO 0.0 0.0 0.0 0.0
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whether it is responsible for the antiplasmid effect. The results showed that menthol has considerable antiplasmid
activity, which can approximate 100%. This suggests that menthol plays a noteworthy role in the antiplasmid effect of
peppermint oil (Table 3).
In the background of the high elimination rates of promethazine and menthol, which could reach 100%, it was
assumed that the sensitivities of the lac-positive and lac-negative colonies of the E. coli F'lac K12 LE140 strain are
different. For the purpose of confirming this, plasmid-containing lac-positive and plasmidless lac-negative colonies
were isolated and their sensitivities to promethazine and menthol were tested. Significant differences were found
between the sensitivities of the two types of E. coli F'lac (MIC values for lac-positive plasmid-carrying colonies:
MICmenthol=400 μg/ml, MICpromethazine=100 μg/ml; MIC values for lac-negative colonies: MICmenthol>1000 μg/ml,
MICpromethazine=160 μg/ml). The selection of lac-negative colonies allows a high plasmid elimination rate in
subinhibitory concentrations.
The antiplasmid activities of promethazine and menthol were also investigated in combination (Table 4). The results
revealed that the antimicrobial effects of the two compounds were additive, but the antiplasmid effects did not change
considerably: the maximum elimination rates reached the range 96–100%.
3.3. Interactions with antibiotics
The interactions of peppermint oil and menthol with four different antibiotics (ampicillin, oxytetracycline,
erythromycin and gentamycin) were studied. The MIC values were determined for the materials alone and in
combination, and the FIC indices were calculated (Table 5). An additive effect was observed with theTable 3
Elimination of F'lac plasmid in E. coli K12 LE140
Sample Concentration (mg/ml) Bacterial growth after 24 h×108 CFU/5 ml Plasmid elimination (%)
MTY control 0 0 –
Promethazine 0.04 36.0 0.0
0.05 24.5 0.1
0.06 3.3 15.0
0.07 2.3 82.0
0.08 2.0 55.9
0.09 0.4 2.5
0.10 – –
Peppermint oil 0.18 21.6 0
0.27 5.3 0.4
0.36 2.5 2.9
0.45 1.3 9.0
0.54 0.4 37.5
0.63 – –
Menthol 0.250 3.5 7.1
0.275 5.3 82.0
0.300 1.5 74.0
0.325 3.1 96.0
0.350 1.3 64.0
0.375 3.9 8.7
0.400 – –
Eucalyptus oil 0.55 51.0 0.2
0.73 46.0 0.2
0.91 37.0 0.3
1.09 2.0 0.5
1.28 – –
Rosemary oil 0.72 3.5 0
0.90 14.0 0
1.09 4.8 3.1
1.27 – –
Table 4
Elimination of F'lac plasmid in E. coli K12 LE140 by the combination of menthol and promethazine
Sample Concentration (mg/ml) Bacterial growth after 24 h×108 CFU/5 ml Plasmid elimination (%)
Promethazine+menthola 0.02
0.250 47.0 48.0
0.275 12.3 74.0
0.300 5.0 20.0
0.325 6.8 100.0
0.350 – –
0.375 – –
Menthol+promethazineb 0.10
0.02 62.0 0.0
0.03 34.5 0.0
0.04 6.0 52.0
0.05 1.8 74.6
0.06 1.1 96.4
0.07 1.1 88.6
0.08 0.9 24.2
0.09 – –
0.10 – –
a Constant promethazine concentration, elevating menthol concentration.
b Constant menthol concentration, elevating promethazine concentration.
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both cases). The other three antibiotics revealed an indifferent interaction with the oil and menthol, the FIC
indices varying from 1.0 to 2.0.
4. Discussion
Essential oils and their components are widely used in medicine, in the food industry and in cosmetics. There is an
urgent need for familiarity with these products and their components because they are available over-the-counter from
herbal suppliers and natural food stores and in many cases are not harmless. Common side-effects are allergic or toxic
reactions or mutagenic effects. The allergic reactions can vary from transient dermatitis to anaphylactic shock. PlantTable 5
MIC values and FIC indices of peppermint oil and menthol combined with antibiotics on E. coli K12 LE140
Samples MIC (μg/ml) FIC index Type of interaction
Peppermint oil (PEP) 400.0 –
Menthol (MENT) 525.0 –
Ampicillin (AMP) 2.6 –
Erythromycin (ERY) 20.8 –
Gentamycin (GENT) 10.4 –
Oxytetracycline (OXY) 1.95 –
Samples in combination
Peppermint oil
+Ampicillin PEP(0.35)+AMP(1.72) 1.0 Indifferent
+Erythromycin PEP(0.35)+ERY(18.0) 1.0 Indifferent
+Gentamycin PEP(0.71)+GENT(7.8) 1.25 Indifferent
+Oxytetracycline PEP(0.35)+OXY(0.49) 0.5 Additive
Menthol
+Ampicillin MENT(390.6)+AMP(1.95) 2 Indifferent
+Erythromycin MENT(390.6)+ERY(7.8) 2 Indifferent
+Gentamycin MENT(195.3)+ GENT(3.9) 1 Indifferent
+Oxytetracycline MENT(97.7)+OXY(0.49) 0.5 Additive
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cyclosporine, calcium channel blockers and certain other drugs [23–25].
The antimicrobial activity of essential oils is known to be beneficial in the treatment of different diseases. Our
experiments proved the antiplasmid activity of peppermint oil and its main constituent, menthol, which means that
menthol-containing substances are potential agents that could eliminate the resistance plasmids of bacteria. The main
point of this menthol-induced plasmid elimination is a special mechanism of action. The compound preferentially kills
the plasmid-containing bacteria due to their increased sensitivity to menthol. This mechanism of action is assumed to
be similar to that of sodium dodecylsulfate [26,27]. The overprescription and misuse of traditional antibiotics has led to
the widespread antibiotic resistance of human pathogenic bacteria, which justifies research on new possible anti-
infective agents or resistance modifiers. Our results confirmed the relevance of peppermint oil and menthol as adjuvant
antimicrobial agents by virtue of their antiplasmid activity.
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